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Abstract. In general, deep drawing products have various cross-section shapes such as cylindrical, rectangular and non-
axisymmetric shapes. The application of the surface area calculation to non-axisymmetric deep drawing process has not 
been published yet. In this research, a surface area calculation for non-axisymmetric deep drawing products with 
elliptical shape was constructed for a design of blank shape of deep drawing products by using an AutoLISP function of 
AutoCAD software. A computer-aided process planning (CAPP) system for rotationally symmetric deep drawing 
products has been developed. However, the application of the system to non-axisymmetric components has not been 
reported yet. Thus, the CAPP system for non-axisymmetric deep drawing products with elliptical shape was constructed 
by using process sequence design. The system developed in this work consists of four modules. The first is recognition 
of shape module to recognize non-axisymmetric products. The second is a three-dimensional (3-D) modeling module to 
calculate the surface area for non-axisymmetric products. The third is a blank design module to create an oval-shaped 
blank with the identical surface area. The forth is a process planning module based on the production rules that play the 
best important role in an expert system for manufacturing. The production rules are generated and upgraded by 
interviewing field engineers. Especially, the drawing coefficient, the punch and die radii for elliptical shape products are 
considered as main design parameters. The suitability of this system was verified by applying to a real deep drawing 
product. This CAPP system constructed would be very useful to reduce lead-time for manufacturing and improve an 
accuracy of products.  
 
INTRODUCTION 
In general, deep drawing products have various 
cross-section shapes such as cylindrical, rectangular 
and non-axisymmetric shapes. Many researches for 
cylindrical products have been carried out as the 
fundamentals of the deep drawing process. In recent 
years, advanced computer-aided engineering (CAE) 
techniques and automated process design systems 
based on the know-how of the industrial field 
engineers have been developed for several metal 
forming processes. The wide application of computer-
aided process planning in non-axisymmetric deep 
drawing will result in the mass production of high 
quality metal parts a low cost and high productivity. 
Recently, Choi et al. have developed automated 
progressive process planning and die design and a 
working system for blanking or piercing and bending 
of a sheet metal product. Also, recently, Choi et al. 
developed an integrated design and CAPP system for 
deep drawing or blanking products. 
One of the most important steps to determine the 
blank shape and dimensions in deep drawing process 
is to calculate the surface area of the product. Usually, 
the surface area of axisymmetric products is calculated 
by mathematical or graphical methods. However, in 
the case of non-axisymmetric products, it is difficult to 
calculate the exact surface area due to errors as 
separated components. Fortunately, it is possible for 
elliptical products to recognize the geometry of the 
product in the long and short sides by drafting in 
another two layers on AutoCAD software. Thus, the 
CAPP system is constructed for a design of blank 
shape of non-axisymmetric deep drawing products 
with elliptical shape by using an AutoLISP function of 
AutoCAD software. 
In this study, the system consists of input geometry 
recognition module, three-dimensional modeling 
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module, blank design module and process planning 
module, respectively. The cross-section of the product 
body consisting of a round in the major axis and a 
straight line in the minor one is defined as elliptical. 
The production rules of the system are reflected and 
upgraded by interviewing industrial field engineers. 
The suitability of the system is verified by applying to 
an actual deep drawing product. This study focuses on 
developing a computer-aided process planning system 
to apply to the non-axisymmetric product with 
elliptical shape. 
CONSTITUTION OF CAPP SYSTEM 
This system was constructed on the basis of the 
know-how of industrial field engineers. By 
interviewing them, the production rules of the CAPP 
system are generated and developed. The cross-section 
of the product body, drawing coefficient, punch radius 
(Rp), and die radius (Rd) considered as the main 
design parameters. The input data of the system is only 
the final product geometry of which modeling is 
performed on AutoCAD software along the major and 
minor axes of the product. The system is composed of 
recognition of shape, 3-D modeling to calculate the 
surface area, blank design and process planning 
modules. Fig. 1 represents the configuration of the 
CAPP system for non-axisymmetric deep drawing 
products. The following section will be described on 
the functions and characteristics of each module. 
Recognition of Shape Module 
Due to the difference in the characteristics of the 
product shape, the CAPP system for cylindrical 
products developed until now was not able to 
recognize the non-axisymmetric geometry. Fortunately, 
it is possible for elliptical products to recognize the 
geometry of the product in the major and minor axes 
by drafting in another two layers on AutoCAD 
software. From the above result, the geometry in each 
layer can be recognized. It would be a useful method 
to recognize the geometry in applying to the non-
axisymmetric deep drawing products.  
In this work, the geometry of the major and minor 
axes in each layer is read, arranged and translated into 
alphanumeric terms entitled “Entity_List” which 
consists of seven elements which are name, type, 
thickness, outer diameter, inner diameter, height, and 
fillet radius, plus one element including information 
on reverse drawing is produced. 
The constitutions and contents of Entity_List are 
shown in Table 1. 
Three Dimensional Modeling Module 
To calculate the surface area of the product is a 
main procedure for determining the blank dimensions. 
The surface area of the non-axisymmetric products 
can't be calculated as the separated components 
because it is difficult to define the accurate shape of 
the product. To solve this problem, a 3-D modeling 
technique was used in this system. This can be applied 
to the real product by using Entity_List. The total 
surface areas can be automatically computed by the 
command designated as "area" on AutoCAD software. 
A 3-D part modeling was used to determine the cup 
height of deformation zones in intermediate processes. 
Fig. 2 shows the result of the 3-D modeling for non-
axisymmetric deep drawing product (t=1.6 mm). 
Blank Design Module 
The best way to determine the blank shape and 
dimensions in industrial practice has been known as 
the accumulated know-how and trial-and-error 
method; because the blank shape for elliptical deep 
drawing products has not been mathematically 
established yet. Usually, the strain distribution in the 
diagonal directions decreased due to the cutting off the 
corners of the blank sheet. To consider this 
phenomenon, the blank design module was 
constructed by using the surface area constancy and 
coincided with the industrial practice. Fig. 3 shows the 
blank geometry (similar to blank cut off) proposed in 
this study. The blank dimensions were determined to 
use the equivalent area of the product in the 3-D 
modeling module. 
Process Planning Module 
The deep drawing processes are composed of 
cylindrical drawing, preform, and top-part deep 
drawing. The preform deep drawing is a critical stage 
in the process sequence of motor frame product (The 
initial shape of a circular cup is changed to the 
elliptical shape with straight walls), because metal 
flow is different for variation of direction during 
forming. The process planning module was optimized 
by interviewing field engineers working for industrial 
practice. 
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PRODUCTION RULES 
The computer-aided process planning system can 
be constructed on experienced knowledge of field 
engineers. The acquisition of knowledge and the 
representation of them are two of the most important 
tasks in the construction of the system. By 
interviewing field engineers, production rules are 
generated and developed. During the interview with 
them, they are recorded, transcribed, and then checked 
with them before formalizing the rules. In addition, 
plasticity theories, handbooks, and experimental 
results were referred, too. Especially, characteristic of 
process sequence in elliptical deep drawing products 
was scientifically investigated. Also, production rules 
are based on a decision tree which takes the form of 
“IF (conditions) THEN (actions)”. The cross-section 
of product body, drawing coefficient, punch radius, 
and die radius considered as main design parameters. 
Rules that are distinguished from those of rotationally 
symmetric deep drawing products are given here. 
Rule 1. If the cross-section of deep drawing 
products was constituted a round in the major axis and 
a straight line in the minor axis, then the product is 
defined as elliptical deep drawing product. 
Rule 2. The surface area of the product was 
calculated by use of three dimensional modeling of the 
product based on neutral axis of the thickness. 
Rule 3. The surface area of the product is the same 
as that of the blank. 
Rule 4. The volume of the product is the same as 
that of the blank. 
Rule 5. If the input geometry is elliptical, then the 
blank shape is basically oval. 
Rule 6. In calculating drawing coefficient, blank 
diameter in the major axis was used. 
Rule 7. In computing blank size, trimming 
allowance is 1.25 times thickness of the blank. 
Rule 8. Process sequence consists of cylindrical 
drawing, preform, and top-drawing process. 
Rule 9. After forming the final product in deep 
drawing process, there are only secondary operations 
such as trimming and piercing. 
Rule 10. If a process is the first drawing, then 
drawing coefficient must be applied to be in 0.54-0.58. 
APPLICATION AND RESULTS 
The product applied in this system is a motor frame 
product with elliptical shape, which is completely 
produced by multistage deep drawing process and 
secondary operations such as piercing and trimming. 
The product geometry in the last deep drawing process 
was used for the input shape of the system. The height 
of the product should be designed on the basis of 
surface area constancy. In this system, thus, a 3-D 
modeling of top part considering the above mentioned 
rules were used to determine an accurate height. 
Drawing Coefficient 
In general, in the case of cylindrical deep drawing 
process, Romanowski's drawing coefficient based on 
the ratio of thickness and blank diameter is used. 
However, in the case of non-axisymmetric deep 
drawing product such as non-circular cup, though the 
drawing coefficient is defined as the ratio of width and 
blank size in rectangular deep drawing process, it is 
insufficient to verify the relationship between process 
sequence and variable. To solve this problem, the 
authors modified the drawing coefficient table based 
on the characteristics of elliptically shaped deep 
drawing products and equation for first drawing 
coefficient. Table 2 shows the modified drawing 
coefficient for cylindrical deep drawing proposed in 
this system. 
In designing preform process, the good formability 
was obtained when the drawing coefficient was 
approximately 0.9. Therefore, the system was 
rearranged by the drawing coefficient with the number 
of process sequence. Each process is transformed into 
multistage cups by using the production rules for non-
axisymmetric deep drawing. Drawing coefficient is a 
major factor in formability of deep drawing product. 
Process parameters such as the punch radius, die 
radius, and thickness of sheet metal are satisfactory for 
determination of the drawing coefficient. 
Punch and Die Radii 
Generally, punch and die radii are used for 4 
through 10 times as thick as first drawing in 
cylindrical deep drawing. However, due to the 
characteristics of process sequence for elliptically 
shaped products, the punch and die radii applied in this 
system were used for c (4 through 6) times as thick as 
first drawing. The blank shape and dimensions were 
designed based on the identical surface area calculated 
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in the 3-D modeling module. The calculated results of 
the surface area for the non-axisymmetric product are 
shown in Table 3. 
The total surface area of the product has a three-
dimensional modeling module to calculate the surface 
area for non-axisymmetric products. The input to the 
constructed process planning is only a final product 
geometry which modeling was performed on 
AutoCAD software along the major and minor axes of 
the appearance for a final product. The system is 
convenient to construct, modify, and extend with the 
aid of the modularity. Fig. 4 illustrates the result of the 
CAPP system for non-axisymmetric deep drawing 
product. The result of the system had a good 
agreement with those of the actual non-axisymmetric 
elliptical deep drawing product. 
In this study, the CAPP system was constructed on 
the production rules. Process sequence to design the 
preform is very important to produce the elliptically 
shaped product. Consequently, designer's decision for 
the number of die and forming condition plays a 
critical role in process planning and die manufacturing. 
The flexibility of the CAPP system proposed in 
present study was improved by coupling helpful 
modules to process variables. It is expected to reduce 
lead-time for manufacturing and improve an accuracy 
of products in the future. 
CONCLUSION 
This study focused on acquiring and quantifying 
process design variables such as drawing coefficient, 
punch and die radii for elliptically shaped deep 
drawing products. Based on the development of the 
system for non-axisymmetric deep drawing process, 
the followings can be summarized. 
A domain of the CAPP system in this work was 
expanded from axisymmetric to non-axisymmetric 
products and the system for multistage elliptically 
deep drawing products was constructed. 
The production rules based on the industrial 
practice were generated for elliptically shaped deep 
drawing products, and the system on these rules was 
constructed for non-axisymmetric deep drawing 
products.  
The 3-D modeling for non-axisymmetric products 
was used to calculate the total surface area. A new 
modified Entity_List was proposed to make a 
modeling for non-axisymmetric products easy. 
The modified drawing coefficient based on the 
characteristics of elliptically shaped deep drawing 
products and equation for first drawing coefficient was 
proposed to apply to the non-circular cup. 
The blank shape and dimensions were designed 
based on the identical surface area calculated in the 3-
D modeling module. The results of the CAPP system 
had a good agreement with those of the industrial 
practice. 
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Fig. 1 Configuration of CAPP system 
 
 
 
Fig. 2 Three dimensional modeling of non- 
axisymmetric deep drawing product 
 
 
Fig. 3 Elliptical blank shape 
 
 
TABLE 1. Definition of Entity_List. 
Process Constitutions 
Entity_name The names of the entity represent 
Entity_type Class of entity(e.g. HL, VL, TL) 
T Thickness 
OD Outer Diameter of entity 
ID Inner Diameter of entity 
H Height 
N Null (not used in the system) 
FR Fillet Radius of entity 
 
 
TABLE 2. Modified Drawing Coefficient for 
Cylindrical Deep Drawing 
Drawing 
Coefficient 
DmL/DB 
0.27~0.31     0.31~0.335     0.335~0.35 
M1 0.53~0.55      0.55~0.58       0.58~0.60 
M2 0.76~0.78      0.78~0.79       0.79~0.80 
M3 0.79~0.80      0.80~0.81       0.81~0.82 
M4 0.81~0.82      0.82~0.83       0.83~0.85 
M5 0.84~0.85      0.85~0.86       0.86~0.87 
 
 
TABLE 3. Calculated Results of the Surface Area. 
Method Surface Area [㎟] 
Mathematical calculation 9,557 
Graphical layouts - 
Three dimensional model 9,504.55 
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Fig. 4 The result of CAPP system for non-axisymmetric deep drawing product 
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